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Abstract
The geo-environmental damages in the man-made land depend on not only the facies and structures
of artificial strata but also on the contrast between artificial strata and the basements. Results that reflect
precisely the strength and motion characteristics and the chemical properties are important. Therefore,
investigating methods adapted for the above purposes were examined and then the relationship between
such investigating results and subsurface geology was clarified. Short-period microtremor observation
was carried out in reclaimed lands and filled lands in valleys, and electric prospecting in the waste and
surplus soil deposits in valleys.
The following are the main results of this study.
(I) Reclaimed lands in bay area
• Subsurface geology on the bottom of Holocene alluvial sediments in the reclaimed land is classified
into three groups by the sedimentary facies. Microtremor characteristics reflect these subsurface
geologic groups.
• Basic characteristics of microtremors which are predominant in soft sediments on buried valleys are
different from those in other sediments.
• Motion characteristics at the same point vary widely before and after large scale soil improvements.
• Microtremors observed in bay areas notably reflect the subsurface geology.
(2) Filled land in valley plains
• Ratios of the average amplification on filled zones to those on cut zones are related to the thickness
of fills, including Holocene alluvial sediments.
• When the strength and shear wave velocity differ significantly between fills, including Holocene
alluvial sediments and the basements, the variation in thickness of the fills are reflected notably in
microtremor characteristics.
(3) Waste and surplus soil deposits
• Resistivity of waste deposits consisting mainly of ashes is a few .(1-m. Those of surplus soil deposits
depend on included materials.
• Conductivities of groundwater and seepage water in waste.deposits are ten to hundred fold of those
in filled strata with sand and silt. These agree well with the resistivity of waste strata.
• Temporal changes of resistivity characteristics of waste deposits could be used as one of the deciding
factors for closing landfill sites.
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1. Introduction
Geo-environmental damages in man-made lands
depend not only on the facies and structures of artifi-
cial strata but also on the nature of the basements. In
the case of artificial strata overlying Holocene alluvial
sediments, we need to consider both sediments as a
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single geologic unit because they are similar in geo-
logic constituents, facies and mechanical properties.
For such geologic units, search was made for quantifia-
ble physical properties which would accurately renect
the geologic nature of the units and which could be
measured with relative ease. The reason for this is,
that when coping with geologic hazards, it is important
that the geologic condition is understood by usable
physical quantities in addition to clarifying the subsur-
face geologic structure.
In order to obtain the appropriate physical quan-
tity, the relationship between the geologic profiles and
the results of various geophysical methods was
examined. Seismic prospecting, electrical prospecting
and microtremor observation were used in this study.
The bases for selecti ng prospecti ng methods in the
reclaimed and filled lands are as follows; CD possibil-
ities of clarifying the structure and properties of soft
sediments underlying artificial strata, @ estimation of
ground motion characteristics, and @ suitability of
surrounding environment for prospecting. The bases
for selecting prospecting methods for landfill sites and
depositories for surplus soil are as follows; CD possibil-
ity of clarifying the structure and the properties with
waste deposits and surplus soil deposits, @ possibility
of understanding the chemical conditions of filled
materials. From the above results, microtremor obser-
vations were mainly carried out in reclaimed and filled
lands and electric prospecting mainly in waste deposits
and depositories for surplus soil.
The northern part of Boso Peninsula was selected
as the study area in order to clari fy the above
problems(Kamura and Nirei, 1996, 1998, 1999). This
area is located in the southern Kanto Plain and is an
integral part of the Tokyo Metropolis, both geographi-
cally and socio-economically. It is composed of a
coastal plain facing the Tokyo Bay and the Pacific
Ocean, of alluvial plains along the Tone River and
other rivers, and of tableland, 20 to 50 m in altitude.
The valley plains dissect the tableland in a dendritic
pattern (Fig. I). In addition, many man-made lands
are distributed in the area, such as reclaimed lands
along the coast of the Tokyo Bay and developed lands,
landfill sites and depository sites for surplus soil In
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boundary zones between the plains and the tablelands.
2. Research methods for various man-made lands
2.1 Subsurface geologic investigation of man-made
lands by microtremors
(I) Reclaimed lands in bay areas
The investigated area is reclaimed lands in Tokyo
Bay from Inage to Makuhari (Fig. I). In this area, the
subsurface geology was analyzed from many drilling
logs and short-period microtremors were observed at
many moving sites. Stability and sources of long-
and short-period microtremors in Boso Peni nsula were
elucidated by long- term observations at a stationary
site called 'EGS', shown in Figure 2 (Kamura and
Nirei, 1996). The results are as follows.
• Short-period microtremors are due to human activ-
ities such as traffic, and are constant.
• Long-period microtremors are caused by waves of
the Pacific Ocean to the northeast of Boso Peninsula,
and are also constant.
• Peak frequencies of about 0.6 to 0.9 Hz in summer
and 0.4 to 0.7 Hz in winter are mainly generated by
waves in Tokyo Bay and wind, and are not very
constant.
(a) Summary of observations
The investigated area is located 111 the northern
part of Tokyo Bay and includes Inage, Kemigawa and
Makuhari New Town (Fig. 2). The area is filled with
dredged sand and mud for about 2.5 km from the
shore. The Inage to Kemigawa zone (IN zone) has
been used as residential sites, and the Makuhari zone
(MA zone) has been developed for public institutions.
Many drillings have been carried out in conjunction
with reclamation and development. In this case
study; facies, strength, and thickness of Holocene allu-
vial sediments and hydraulic fill were clarified by drill
logs. Six geologic profiles and isopach maps of soft
deposits were prepared. Furthermore, the relation-
ships between subsurface geologic conditions and char-
acteristics 0 f micro tremors were exami ned from these
data. Changes of microtremors before and after
large- scale soil improvements in the MA zone were
also examined.
(b) Microtremor observations and analyses
Microtremors were observed at 98 moving points
in the IN zone with a short-period observing system.
Most of the observations were carried out at night. In
order to elucidate the variations of microtremor char-
acteristics associated with ch anges of 0 bservi ng co nd i-
tions, such as waves, winds, and the environment of
observing points, microtremors were observed a few
times per several years at 20 points.
The data were screened by extracti ng 82 seconds
without disturbance such as traffic and other events.
Then they were sampled every 0.01 second. Fourier
spectra were analyzed from the data by FFT. The
spectra were smoothed through Parzen's window with
a band of 0.3 Hz. However, the spectra were affected
not only by subsurface geologic conditions of observed
points but also by the motion of their source and
damping during their propagation. Therefore, the
Fourier spectral ratios of horizontal component to
vertical component (Horike, 1980) and those of obser-
ved points to a standard point (Irikura and Kawanaka,
1980) were calculated in order to extract only the effect
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of subsurface conditions.
(2) Developed lands in inland areas
As few holes were drilled on filled lands, geologic
data are scarce. Some construction designs and drill
logs, however, exist for the lands located in Tougane
City and Chonan Town, shown in Fig.1 (called 'TOG'
and 'CHN', respectively, in this paper). Accordingly,
focusing on these sites, subsurface geology was anal-
yzed using the above data, and characteristics of
microtremors were investigated by various methods.
(a) Summary of investigations
Many developed lands are distributed throughout
the central part of 80so Peninsula. These lands can
be classified into some types based on topographic
features, subsurface geology, N values, and S-wave
velocities of filled strata. Standards of classification
are based on the topographic and geologic conditions
of the vicinity. For example; CD lands widely devel-
oped over small valley plains which dissect tablelands
or lands which fill the uppermost parts of valley plains,
@ where basements of fills are composed of sand and
silt of upper Pleistocene or of sandstone and siltstone
of lower and middle Pleistocene.
The TOG and CHN areas, which are the object of
this study, are located in the upper parts of the valley
plains. These are locations where the geologic age
and the physical properties of basements differ. Sub-
surface geologic profiles and isopach maps of fills were
prepared by analyzing geologic columnar sections and
development designs. For clarifying the physical
properties of fills, seismic prospecting by SH wave and
electric prospecting by the resistivity method were
carried out in the TOG area and well logging by P and
S waves was done in the CHN area. Simultaneous
observation of microtremors were carried out.
(b) Methods for microtremor observation and anal-
YSiS
Microtremors were observed simultaneously at
five points, one stationary point on the cut zone and
one moving point on the filled zone. With the former
five points, microtremors observed at each point are
inferred to have been propagated from the same vibrat-
ing source. Thus the observation can clarify the fun-
damental differences of microtremors obtained on the
filled and cut zones. The latter observation was car-
ried out to evaluate the possibility of clarifying motion
characteristics of fills over wide areas without complex-
ity. At TOG, microtremors were observed for 15
minutes at 3 hour intervals at a stationary point on a
cut zone, in order to understand their stability. This
observation was carried out for 3 days.
The simultaneous observation was carried out as
follows. Three seismometers were set up at each
point. They are composed of two horizontal compo-
nents to be parallel to and across a valley line (called
'longitudinal component' and 'transverse component',
respectively, in this paper) and a vertical component.
Similar observations at a stationary point and a mov-
ing point were carried out. All observations were
carried out at night.
Data obtained at each point were screened by
extracti ng fo ur sets of 41 seconds wi thout d istu rbance
by traffic and other noises. These data were sampled
every 0.01 seconds and then Fourier spectra were
calculated by FFT. Fourier spectral ratios for obser-
ved values on the filled zone against those on the cut
zone were calculated. And Fourier spectral ratios of
horizontal component against vertical component were
also calculated for each point. This was to extract
only the effect of the subsurface conditions. The
spectra and ratios were smoothed through Parzen's
window with a band of 0.4 Hz.
2.2 Subsurface geologic investigation of man-made
lands mainly by resistivity measurements
Geologic data of waste and surplus soil deposits
are few. Therefore, five localities with drill logs and
details of buried materials were selected for this
study(called A to E area respectively in this paper).
Electric prospecting was carried out in the above local-
ities and valley plains filled with sand and silt. The
relationships between resistivity and subsurface geo-
logic conditions were examined on the basis of these
results. Furthermore, conductivity of groundwater
and seepage water were measured in each area and an
electrical logging was carried out in area D.
(1) Electrical prospecti ng
Vertical electrical soundings were done by the
Wenner method. Apparent resistivity was measured
at I m depth intervals in this method. Then VES
curves were obtained and resistivity profiles were anal-
yzed.
(2) Electrical logging
The relationship between facies and apparent
resistivity was examined by normal electrical logging
of waste deposits in area D.
(3) Electrical conductivity of groundwater and seep-
age water
Conductivity of groundwater and seepage water
sampled from the investigated areas were measured in
order to examine the effect of these waters on the
resistivity of strata. As the conductivity is likely to be
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Table I Surroundings of sampling point and conduc-
tivities of groundwater and seepage water in
investigated area
area sampling conductivity(ms/em)
A groundwater of observation well,
7 meters apart from edge of landfill 2.06
B small pond at surface of waste deposits 1.93
C groundwater with seepage water from 3.00
waste deposits
D groundwater with seepage water from
waste deposits 44.2
E groundwater of observation wells in
surplus soil deposits 2.94~18.6
affected by heterogenei ty wi th in waste deposi ts and
sampling points, the conditions of sampling are shown
in Table I.
3. Results
3.1 Relationship between characteristics of
microtremors and subsurface geology of hydrau-
lic fills in bay areas
(I) Subsurface geology of Inage-Kemigawa ew
Town (IN zone)
Subsurface geology in this area consists of the
Shimosa Group, Holocene alluvial sediments, includ-
ing the Nanagochi Formation, and hydraulic fills, in
ascend ing order.
The Shimosa Group underlying Holocene alluvial
sediments is composed mainly of fine sand, and their
N- values mostly exceed 50. Sand with N-values
from 20 to 30 of the Shimosa Group is distributed
inward from central reclaimed lands.
The bottom of Holocene alluvial sediments lies at
T. P. -20 to -40 m. This variation of bottom depth is
affected by sea-level changes, and the topography of
the bottom is buried valleys and buried, wave-cut
terraces. Two buried valleys dissect the bottom in the
northeast- southwest direction. Around the new
shoreline, altitude of the valley bottom is more than T.
P. -40 m. Holocene alluvial sediments are composed
of 2 to 3 m thick peat and thick bed of silt to clay, in
ascending order. N values exceed 50 in the Shimosa
Group and are mostly 0 in Holocene alluvial sediments
along the central parts of valleys. Subsurface geology
in the marginal zones of the valleys is generally as
follows. A thin bed of peat lies in parts of T. P. -45
m, and beds of silt to clay occur from T. P. -45 to -25
m. Medium to fine sand beds with 10 to 15 m thick-
ness, and alternating beds of fine sand and clay with
about 10 m thickness, overlie the above, in ascending
order. N values in Holocene alluvial sediments varies
from 0 to 5 in beds of silt to clay, from 15 to 30 in fine
sand beds and 0 to 10 in alternating beds of fine sand
and clay. Sands are predominant in Holocene allu-
vial sediments in the uppermost parts of valleys and on
wave-cut terraces. The upper planes of wave-cut
terraces are above T. P. -20 m in altitude and their N
values increase with deepening.
Hydraulic fills overlying Holocene alluvial sedi-
ments are composed mainly of fine sand and silt, their
thickness ranges from 5 to 10 m and the variations of
N value are from 0 to 5.
Therefore, subsurface geology is classified into
three groups, from variations of facies and N values in
Holocene alluvial sediments. They are as follows:
CD Bottom of Holocene alluvial sediments is higher
than about T. P. -20 m. They consist mainly of fine
sand and N values increase with deepening. (Group
A)
@ Bottom of Holocene alluvial sediments is at about
T. P. -40 to -50 m. They consist of silt and clay
with very low N values, from T. P. -45 to -25 m;
medium to fine sand with N values from 15 to 30
from T. P. -25 to -10 m; and fine sand and silt with
low N values above T. P. -10 m. (Group B)
® Bottom of Holocene alluvial sediments is from
about T. P. -40 to -50 m. They consist mainly of
silt and clay with very low N values. (Group C)
(2) Characteristics of spectral ratios of microtremors
for each type of subsurface geologic conditions in
the IN zone
Typical subsurface geologic profiles of the above
three groups were prepared, and Fourier spectral ratios
of the horizontal and the vertical components of
microtremors (H/V ratio) were calculated for 15 obser-
ved points in the vicinity of the profiles. The charac-
teristics are as follows. Fourier spectra at a stationary
site (RST) in the eastern part of the area (Fig. 3) were
used in calculations of G/S ratios at each point.
According to drill logs at the RST site, a zone exceed-
ing 50 in N values lies below T. P. -18 meters. Fine
sand overlying the zone is about 14 m thick and 10 to
30 in N values. Hydraulic fills with 6-m thickness
consist mainly of soft silt.
(a) Spectral ratios of Group A
The shapes of the spectral ratios of E-W and N-S
components resemble each other for each observation
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point, and peak frequencies in each ratio are about 2
Hz. There are small peaks around 2 Hz in the vertical
components of O/S ratios. However, there are no
peaks in the horizontal components ofO/S ratios, with
the exception of d and e points. [n addition, values of
Fourier spectral ratios are approximately I in fre-
quency range from 0.5 to 8 Hz.
(b) Spectral ratios of Group B
There are distinct peaks from 0.8 to 1.5 Hz in HI
V ratios. Peaks are clear at 0.8 to 1.0 Hz in the E-W
and N- S components of O/S ratios. Peaks of the
vertical component of O/S ratios are a little higher in
frequencies than those of the horizontal components.
The shapes of peaks are mostly Oat, from I to 2 Hz in
frequency.
(c) Spectral ratios of Group C
There are distinct peaks in the frequency ranges
from 0.7 to 1.0 Hz of the H/V ratios. Peaks are clear
at 1.5 to 2.0 Hz in the vertical component of O/S
ratios. A peak exists at 0.6 to 1.0 Hz in the horizontal
components of O/S ratios and the damping of values
in ratios is very notable in high frequency ranges.
(3) Relationship between spectral ratios of mi-
crotremors and subsurface geology
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The above spectral ratios were calculated at all
observed points in the IN zone and relationships
between the ratios and the subsurface geology were
examined.
Zonal maps by peak frequency values obtained
from H/V ratios are shown in Figure 3. Points with
frequencies higher than 2.0 Hz are distributed in the
Group A zones, and those lower than l.0 Hz are
distributed in the Group C zones. Most of the points
with 1.0 to 1.5 Hz are distributed in the Group B zones,
with N values of more than 50 below 30 m depth.
Most of the points with 1.5 to 2.0 Hz are distributed in
the Group A or the Group B zones, with N values
more than 50 below about 20 m deep.
Characteristics of the G/S ratios can be largely
divided into the following two groups; CD with clear
peaks in frequency ranges from 0.6 to 2.0 Hz; @ with
not so clear peaks or with values of the ratios lower
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Fig. 4 Depth of base in soft deposits and zone of group in subsurface geology and feature
of Fourier spectral ratio of observed site to standard site (RST) in IN area.
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than approximately I. The former group is further
divided into two types, one with distinct peaks in both
the horizontal and vertical components, and the other
with distinct peaks in either the horizontal or the
vertical component. The above results are shown In
Figure 4. Generally, spectra with characteristics of
the above CD, are distributed near new shorelines, and
those of the above @, near old shorelines. That is,
spectra with distinct peaks in both the components
belong to zones of Group C and of Group B, with N
values of more than 50 below 30 m depth. Spectra
with indistinct peaks belong to the zone of Group A.
Spectra with distinct peaks in the vertical component,
and indefinite peaks in the horizontal component
occur between the above two zones. This is a zone of
Group B with N values of more than 50 below about
20 m depth. On the other hand, in zones with distinct
peaks, peak frequencies of the horizontal component
are different from those of the vertical component.
The value ranges from 0.6 to 0.9 Hz in the horizontal
component and from 1.5 to 2.0 Hz in the vertical
component.
Group A Group B Group C
-Subsurface geological conditions-
facies fine sand ~ silt
Fill thickness: 5~10 m
N value O~5
-upper-
Facies: facies: Facies:
fine sand fine sand silt~clay
Natural ~silt
Sediments N value: N value: Nvalue:
Increasing very small very small
as deepening thickness:
max.10m thickness:
Facies thickness: -middle- max.40 m
and max.20 m facies:
Nvalue rnedium~
fine sand
Nvalue:
15~30
thickness:
max. 15m
-lower-
facies:
silt ~clay
Nvalue:
very small
thickness:
max.20 m
Depth About T.P T.P
of the T.P -20m -50~-40m -50~-40m
bottom
- Characteristics of microtremors -
Peak frequency of high .. ~ low
HN spectral ratio
Peak of O/S spectral indistinct .. ~ distinct
ratio
Fig. 5 Relationship between subsurface geological conditions
and characteristics of microtremors in reclaimed land of
study area.
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Thus, peak frequencies indicated in the H/V
ratios and the shapes of spectra obtained from G/S
ratios renect the subsurface geologic groups in this area
(Fig. 5).
(4) Changes of ground characteristics due to large-
scale soil improvements
Soil improvements, which artificially change the
physical properties of the ground, are very important
factors which must be considered in investigating sub-
surface geologic conditions of coastal areas. How-
ever, few studies have been carried out on the effects of
improvements not only on properties of trength but
also on ground motion characteristics. Changes of
the characteristics must be clarified in order to prevent
geologic disasters due to earthquakes, because more
effective improvements are required for urban plans
and disaster prevention.
In this paper, the effects of soil improvements on
microtremor characteristics are examined. Regarding
the method of study, the characteristics obtai ned at the
same points before and after soil improvements were
compared.
Makuhari New Town area (MA area) has been
urbanized rapidly in recent years. In the subsurface
geology of this area, 6 to 9 m thick, hydraulic-filled
strata overlie 25 to 30 m thick Holocene alluvial sedi-
ments. The former consists of fine sand, silt and clay,
and the latter of fine sand and silt. Various soil
improvements were carried out in the filled strata.
The pre-loading method or a combination of pre-
loading and sand drain have often been used. These
activate compaction of strata and reduce later subsi-
dence. In order to solidify sediments to about 15 m in
depth with milky cement, cement deep mixing was used
in clayey ground of the zone.
The effects of soil improvements on pre-loading
and sand drain are as follows, by comparing N values
before and after improvements (Chiba Prefectural
Government, 1984). N values after improvements
were measured at about 90% in degrees of compaction.
From these results, it is inferred that compaction is
improved to more than 10 m depth, because N values
increased remarkably to an altitude of T. P. -I m, and
variation patterns of values after improvements
move a little deeper than those of before improve-
ments. In the zones which were improved by the deep
cement-mixing method, N value increase remarkably
to 15 m depth, compared with that before improve-
ments.
Microtremors were observed at 20 points in the
zone before and after improvements. Fourier spectral
ratios of the north-south component to the vertical
component were calculated by the same analyzing
method a in the IN zone. Wind velocities at both
observations were about 2 m/sec. Examples of the
spectral ratios are shown in Figure 6.
In the ratios at observed points before improve-
ments, there are distinct peaks at 1.7 Hz and 2.6 Hz in
Figure 6(a) and at 1.5 Hz and 5.0 Hz in Figure 6(b).
In Figure 6(a), however, the peak at 1.7 Hz damps
remarkably and that at 2.6 Hz disappears. In Figure
6(b), the peaks at 1.5 Hz and 5.0 Hz disappear and the
peak at 6 Hz appears after- improvement. Values of
Fourier spectral ratios in frequency range from I to 10
Hz after improvements, and are less than those before
improvements (Fig.6(a)(b».
There are distinct peaks around 1.3 Hz in spectral
ratios at zones improved by cement deep mixing.
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Fig. 6 Comparison with spectral ratios of horizontal ( orth-South) component to
vertical component obtained before and after large soil improvement.
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Comparing with the Fourier spectral ratios before
improvements, those after improvements damp in fre-
quency ranges from 0.5 to 10Hz, and peak freq uencies
after those are around 1.9 Hz (Fig. 6(c)).
As a whole, peak frequencies range from I to 3 Hz
in spectral ratios before improvements. However, in
many cases after improvements, peaks are indistinct or
shift toward high frequency ranges. Moreover, ampli-
tudes of peaks after improvements mostly damp.
3.2 Relationship between characteristics of micro-
tremors and subsurface geology of fills in valley
plains
(I) Subsurface geology of the surveyed area
The area which was developed as a residential
zone in Tougane City (TOG area) was investigated.
For comparative purposes in the vicinity of the TOG
area, the same investigations were carried out in the
area which was developed as a school ground (CHN
area). This area is different from the TOG area in
subsurface geology. Sand and silt of the late Pleis-
tocene Kioroshi Formation are distributed in and
around the TOG area. On the other hand, sand and
siltstone of the middle Pleistocene Chon an Formation
occur in the CHN area. They are representative facies
of the central Boso Peninsula. Contrasts of N value
and shear-wave velocity between the Pleistocene strata
and the filled strata, including Holocene alluvial sedi-
ments, are small in the TOG area and large in the CHN
area. These contrasts are inferred to reflect these
facies.
The details of the subsurface geology of each area
and structures and physical properties of filled strata
are as follows.
(a) TOG area
This area was formed by artificial development of
the branches of a valley plain which extend from east
to west. The method used for this development was
cutti ng and filii ng works. Before· these engi neeri ng
works, terraced rice fields existed in the area. Fine
sands of the Kioroshi Formation occurs in tablelands
around the valleys, and clay is contained in the upper-
most layers. Tuffaceous clay of the Joso Formation
and loam overlies them. Holocene alluvial sediments,
consisting of sandy silt and clay with plant remains,
overlies the sand of the Kioroshi Formation in valleys.
The thickness of Holocene alluvial sediments is less
than 6 m. In the central parts of the old valley, N
values are more than 50 in fine sand of the Kioroshi
Formation. These values decrease upward to less
than 5 in Holocene alluvial sediments.
Terraced residential areas were created by filling
valley plains with materials cut from tablelands.
Therefore, filled strata consist mostly of fine sand,
tuffaceous clay, loam, and soil including plant
remaIns. Their N values are less than 50. Loam and
sand overlie soil with plant remains. Hence, they are
'up-side down fills'.
An isopach map of filled strata prepared from
engineering development plans is shown in Figure 7.
Basements of filled strata form oval shapes in horizon-
tal sections and are cone shaped in vertical sections.
The thickness is more than 20 m.
In order to clarify the physical properties of filled
strata, a seismic refraction survey by SH-wave and a
resistivity survey by the Wenner electrode array were
carried out. Observation lines and points are shown
in Figure 8.
Variations of S-wave velocity in profiles of SA-
SA' and Sa-Sa' lines across thick filled strata are as
follows: 130 m/sec in filled strata from surface to 4 m
depth, 210m/sec below 4 m depth, and 270 m/sec in
sand layers of the Kioroshi Formation. The velocity
variations of the SO- SO' profile in cut land are 240m/
sec in strata from surface to 2 or 3 m depth, and 320 m/
sec below.
The resistivity of filled strata, including Holocene
alluvial sediments, is 50 to '70 O-m, and that of fine
sand layers in the Kioroshi Formation is more than
1000-m. The boundary between filled strata and the
Kioroshi Formation is also clear in the resistivity
Fig. 7 Isopach map of fill in TOG site.
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--e-- simultaneous observed line of microtremor
seismic prospecting line
... electric prospecting point
+ directions of longitudinal component and transverse components
Fig. 8 Distribution of observed points and lines in TOG site.
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secti ons.
(b) CHN area
Before the construction of the school ground over
artificial fillings, this general area consisted of table-
lands, and many valleys were developed throughout.
The tablelands were cut and the valley plains were
filled with these materials. Geologic columnar sec-
tions and variation of N values and shear-wave veloc-
ities were obtained at two drilled sites on the fills
(Chiba Prefectural Government, 1989). The subsur-
face geology of the tablelands consists of an alternation
of siltstone and sand corresponding to the Chonan
Formation. The siltstone is soft and sand is not well
solidified. About 7 m thick Holocene alluvial sedi-
ments unconformably overlies the Chonan Formation
in the valleys. This Holocene alluvial sediment is
composed of silty sand with peat and fine sand, in
ascending order. Filled strata consist mainly of fine
148 Application of geophysical surveys to clarify subsurface geologic conditions of man-made lands
at night, and the smallest is at 3 o'clock in the morning.
This tendency is the general variation for short-period
m icrotremors.
Simultaneous observation at five points was car-
ried out along three observed lines in the TOG area
(Fig. 8) and along one line in the CH area(Fig.9).
These results are as follows.
(a) Relationship between average amplitudes and
structures of fills
After four data sets (about 41 seconds / I set) at
each observed point were calculated through the band
pass filter, with a range from 0.5 to 10 Hz, their average
sand, which partly includes silt blocks. These strata
partly form 'upside-down fills', and their values are
3 to 4 in the upper zone and 0 to 2 in the lower zone.
values mostly are 2 to 8 in Holocene alluvial sedi-
ments and more than 50 in siltstone of the Chonan
Formation. S-wave velocities, measured by seismic
velocity loggings, are 100 to 130 m/sec in the filled
strata, 130 to 150 m/sec in Holocene alluvial sedi-
ments, and about 280 m/sec in the uppermost part of
the Chonan Formation.
Filled strata are less than 8 m thick. During the
1987 earthquake in eastern offshore Chiba, geologic
disasters, such as liquefaction and nuidization in fills
and associated Iandsl ides, land su bsidence, fractu res,
slope failures around valleys, and differential settle-
ment, occurred in the area (Fig. 9).
(2) Relations between microtremor characteristics
and artificial strata conditions by simultaneous
observation
In order to clarify the constancy of microtremors
In the investigated area, microtremors were observed
continuously at MO point in the TOG area (Fig. 8).
On the basis of the results, the variations of predomi-
nant frequencies and the Fourier amplitudes were
examined. It is seen that the L component changes
from 2.6 to 3.0 Hz, the T component from 2.7 to 3.1 Hz,
and the V component from 2.6 to 3.1 Hz. Their
Fourier amplitudes are large in the daytime and small ] 50-
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Fig. 9 Isopach map of fill, distribution of obser-
ved points and damages due to the 1987
earthquake of eastern offshore Chiba .
Fig. 10 Variations'of normalized average ampli-
tude of microtremors based on MA I,
MBI, MCI and CNI.
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amplitudes were calculated. Average amplitude
ratios of other observed points to MAl, MBl, MCI
and CN I points, which are on the cut zone, were
analyzed at every observed line. The relationship
between variation of the average amplitude ratios at
every component and structures of fills in each obser-
ved line is shown in Figure 10.
The amplitude ratios are relatively large on thick
fills of each line, and their values range from 1.1 to 1.7.
The trends of amplitude ratios for every component
conform to the topography of the bottoms of fills.
These trends appear more clearly in the horizontal
component rather than in the vertical component. In
addition, on thick fills, the ratios of the L component
are somewhat larger than those of the T component.
Fills around the MA and MB lines are thicker than
those around the MC and CN lines. In all observed
points on fills, however, the maximum value of ampli-
tude ratios of the L component of each line are con-
trary to the thickness of fills. Namely, the maximum
values are 1.28 in MA, 1.35 in MB, 1.66 in MC and 1.64
in CN. It is inferred that the values of ratios are
affected not only by filled strata but also by Holocene
alluvial sediments. The reasons will be reported later.
(b) Relationship between Fourier spectra and struc-
ture of fills
Fourier spectra were calculated from observed
data and then the relationship between microtremor
characteristics and structures of fills were clarified from
predominant frequencies and Fourier amplitudes.
Predominant frequencies at observed points along
the MA line (MA I to MA 5) and the MB line (MB I
to MB 5) are mostly the same in the horizontal and
vertical components. Their frequencies are 2.6 to 2.7
Hz in the MA line and 2.4 to 2.5 Hz in the MB line.
Predominant frequencies on points along the MC line
(MC I to MC 5) vary, compared with the above points.
Their frequencies are 2.6 to 3.2 Hz in the L component,
2.7 to 2.9 Hz in the T component and 2.7 to 3.0 Hz in
the vertical component. In every observed line,
notable differences are not observed between predomi-
nant frequencies on fills and those on artificially cut
zones. Also, the tendency for the peaks to shift with
changes in thickness of fills is not observed.
In the CHN area, the characteristics of the Fourier
spectra in horizontal components depend on each
observed point of the CN line (CN I to CN 5). At
points CN 3 and CN 4, there are distinct peaks in
frequency ranges, from 3 to 3.5 Hz in the L component
and around 3.5 Hz in the T component. In other
observation points, a few peaks exist within the range
from 2.5 to 3.5 Hz in the L component and from 2.4 to
4 Hz in the T component, but prominent peaks are not
observed. At every point of the vertical component,
peak exists around 2.3 Hz and the shapes of Fourier
spectra are similar to each other.
Fourier amplitude values of peaks were plotted in
MA, MB and MC cross-sections. Large variations of
predominant frequencies are not seen in these sections.
Then these results were compared with the topography
of the fills bottom, which was inferred from the con-
struction plans (Fig. I I). In these figures, a ground
surface level corresponds to a standard level of ampli-
tude in vertical scale and the values increase down-
ward. The surface levels were set as 0.2 mkine·sec in
the MA line and as 0.25 mkine'sec in the MB and MC
lines. These values are mostly equal to the amplitude
of the peak in spectra on the artificial cut zone.
In every figure, values of Fourier amplitude
increase as the fills become thicker and trends of
variations in their values match the bottom shapes of
the fills.
(3) Motion characteristics of filled lands revealed by
simultaneous observation of microtremors
(a) Motion characteristics in each area
Simultaneous observation of microtremors at
moving points and a stationary point was carried out
at 15 points in the TOG area and 14 points in the CHN
area.
Short-period microtremors show diurnal varia-
tions, as is shown by continuous observations at the
MO point. In observations at the stationary point
during a day, predominant frequencies are constant.
However, their amplitudes at the start of observation
(about 9 o'clock in the evening) are a little larger than
those at the end of observation (about 3 o'clock in the
morning).
In order to extract only the effects of subsurface
geologic conditions at observed points, Fourier ampli-
tude ratios of moving points to the stationary point
and of the horizontal component to the vertical com-
ponent were calculated. From these results, motion
characteristics of fills were examined in each area.
CD TOG area
It is difficult to distinguish peaks reOecting the
fills in all spectral ratios. These are also described in
the results of simultaneous observations at five points.
However, it is occasionally possible to distinguish
predominant peaks in H/V ratios on thick fills. Only
in such cases were peak frequencies read and the rela-
tion hip between the frequencies and the thickness of
the fills is shown in Figure 12. Moreover, peak fre-
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quencies were observed on the fill at five points in
simultaneous observations, and the relationship
between the thickness of the fills and frequencies are
calculated by the formula, F=Vs/4H (F: predominant
frequency, Vs: shear-wave velocity, H : depth of sur-
face strata). The results are plotted in this figure.
These calculations were carried out at shear-wave
velocities of 50, 100 and 200 m/sec.
About a half of the observed points are plotted
between curves of 50 and 100 m/sec in shear-wave
velocity. These velocities are lower than those by
seismic prospecting using SH-wave. Points plotted
around I to 1.5 Hz are located in the central parts of
the filled land and those of more than 4 Hz are located
in the border zones of fills and cuts. In the former
case, filled strata overlie Holocene alluvial sediments
with 6-m thickness. In the figure, shear-wave veloc-
ities obtained after having made a parallel translation
of these points with the thickness of Holocene alluvial
sediments are mostly similar to those by seismic
prospecting. Namely, it is inferred that the fre-
quencies from I to 1.5 Hz reflect the bottom of
Holocene alluvial sediments. In the latter case, the
Shimosa Group formin~ steep slopes underlies the
filled strata. It is inferred that low velocities of 70 to
80 m/sec, which are obtained from the figure, are
affected by such underground structures or characteris-
tics of filled strata.
@CHN area
30
Vs= 50m/sec
Vs=200m/sec
o
20
00
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10
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6
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Fig. 14 Motion characteristics in filled lands.
Impedance ratio between fills (including Holocene
alluvial sediments) and Pleistocene sediments
basis of tbese results, the effects of tbe underground
structure on frequencies were examined. The density
and shear-wave velocity of the Chonan Formation,
Holocene alluvial sediments, and filled strata were
assumed to be 1.9, 1.4 and 1.2, respectively, and 300,
140 and 100 m/sec, respectively. Tbe relationsbip
between the calculated predominant frequency and the
peak frequency obtained from the above spectral ratios
is shown in Figure 13. Good correlation between tbe
above is seen in this figure. Peak frequencies in the
spectral ratios are affected by tbe deptb of the bound-
ary between the Chonan Formation and Holocene
alluvial sediments or filled strata, and by the difference
in shear-wave velocities among them.
(b) Motion characteristics of filled lands
The results of simultaneous observations at five
points and at moving points and a stationary point,
and the motion cbaracteristics of filled lands are shown
in Figure 14.
The characteristics are affected by the dynamic
impedance between fills, including Holocene alluvial
sediments and tbe basement. In tbe case of tbe large
impedance, the peak frequencies in H/V ratios corre-
late with the thickness of fills, but where impedance is
small, the peak frequencies are constant and the Four-
ier amplitudes of peaks correspond to variations of the
th ick ness.
3.3 Relationship between resistivity characteristics
and subsurface geology in man-made lands
The relationship ate examined as follows, witb
focus on the results in areas A and E, where geologic
columns are prepared from drill logs.
(I) Subsurface geology of tbe study area
CD Area A
The subsurface geology of tbe vicinity consists of
the Pleistocene Kioroshi Formation and overlying
loam of the tablelands and tbe Kiorosbi Formation
overlain by Holocene alluvial sediments in the valley
plains.
Area A is 90 m long in botb the N-S and E-W
direction and the land surface is flat. Waste deposits
were drilled after completion of filling. These drill
logs show that fine sand accumulated to about 14 m
deptb and is overlain by about 3 m thick silty clay
(Fig. 15). Moreover, they are overlain by 3 to 4 m
thick sandy silt in slopes of tablelands, and by peaty
soil and cultivated soil witb about 2 m tbickness in
valley plains. Strata formed by wastes cover them and
they are less than 9 m tbick. Brownish gray clayey
soil with about 2 m thickness, including plant remains,
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Fig. 13 Relations between peak frequency of
spectral ratio of horizontal to vertical
components and predominant frequency
of S-wave by Haskell method in CHN
site.
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There were distinct peaks in H/V ratios on the
fills at five point simultaneous observations. There-
fore, attempts were made to read peak frequencies from
H/V ratios of each point in moving observations.
Amplification cbaracteristics by shear-wave were cal-
culated by Haskell's metbod (1953), assuming the
Cbonan Formation to continue downwards. On the
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prospecting point
o drilled point
sampling point of groundwater
....... counter line before filling (m)
[. j boundary of landfill area
~ waste
~ peat and soil
~ silty clay
[&'j sandy silt
G.L.E2J sand
........ base of waste deposit
boundary of resistivity layers
~ resistivity (C"m)
Fig.15 Distribution of electric prospecting points and drilled points
and resistivity sections along A-A' and B-8' lines of 0 site in
area A.
lies in the lowest parts of the strata. This soil was
formed from cutting slopes of tablelands at the con-
structing landfill site. Materials buried in the north-
ern zone of the landfill site are different from those in
the southern zone. In the former zone, the materials
are mostly ashes, including fragments of plastics and
glasses. In the latter site, they are complicated mix-
tures of incombustible wastes, such as concrete blocks,
glass fragments, plastics and ashes. Filling was done
by the so-called 'Sandwich method' which covers
waste strata with 0.5 m thick soil every 2 m.
® Area E
The uppermost portion of valley plain is filled by
surplus soils from construction. This site is about 300
m long and about 50 m wide. Sand of the Kioroshi
Formation underlies loam in the slopes of tablelands.
On the other hand, coarse to medium sands of the
Kioroshi Formation underlies about I m thick peaty
silt in the valley plains. Surplus soil deposits cover
the natural strata. Surplus soil deposits are mainly
composed of sandy to muddy silt with 3 to 5 m thick-
ness, which partially contains pebbles, fragments of
concrete, plastics and slag (Fig. 16). Th us, as wastes
are contained in the deposits, they are similar to waste
deposits.
(2) Correlation of resistivity and strata in A and E
areas
CD Area A
Apparent resistivity was measured at 26 points
with 10 to 20 m mesh in site O. Two resistIvity
sections intersecting the old valley line at right angles
are shown in Figure IS. In the A-A' section, a low
resistivity zone from 2 to 14.0- m exists at about 30 to
40 m in altitude. Geologic columnar sections show
that this zone corresponds to waste strata. The resis-
tivity zone higher than 25 .o-m below the waste strata
is correlated to the base of waste deposits. In the B-
B' section, the zone from 16 to 32 .o-m lies at 30 to 40
m in amplitude. This zone corresponds mainly to
waste strata and contains cultivated soil, peat and parts
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of silty clay in valley plains. On the other hand, in
slopes of the tablelands, the bottom of the 16 to 32 O-
m zone is shallower than the bottom of waste deposits.
This base of wastes was obtained from a topographical
map prepared before fi II ing. Therefore, zones show-
ing more than 43 O-m are correlated to parts of silty
clay in the valley plains. However, in slopes of table-
lands, it is possible that the uppermost part of this
resistivity zone reflects parts of waste strata.
® Area E
Apparent resistivity was measured at 45 points of
about 5 m intervals. Resistivity sections along A-A'
and 8-8' lines paralleling the old valley line are shown
in Figure 16. In the A-A' section, the resistivity of
strata below 3 to 5 m depth is higher than those of the
overlying strata and their values are 15 to 582 O-m.
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resistivity (Q .m)
o 4 8 12
The e strata consist of cultivated soil and sand. The
overlying trata are divided into two type. On type
has a zone with 3 to 11 Q,-m resistivity, with 2 t 3 m
thicknes , and a zone with 12 to 35 a-m, in ascending
order. The other type has a zone with about 20 Q,-m
from the bottom to the surface. Mo t of the e zone
corre pond to surplu soil deposits with waste and a
part of the zone contain peaty ilt. In the 8-B'
section, zones from 14 to 768 Q,-m lie below 3 to 5 m
in depth and corre pond to peaty silt and and.
Zones with 3 to 18 Q,-m and 2 to 4 m thick, and with
4. Discussions
15 to 28 Q,-m in ascending order, overlie them. The e
z nes corre pond to urplu soil deposit with wa t .
(3) Re isti vi ty profi Ie by electrical log
The drill logs and the resi itivity curve by electri-
c 1 logs with 25 cm electrode intervals of area Dare
hown in Figure 17. Siltstone of the Iioka ormati n
Ii below 26 m depth. Clay and fine sand of the
Katori Formation, with about 4 m thickne ,overlie it
and in turn underlie waste deposits. The e depo it
con ist mainly of pia tics and ashe, and can be
divided according to their volume proportions. Thus,
they are composed mainly of about 2.5 m thick pia -
tic, 2 m thick ashe 1 m thick plastic 2.5 m thick
a hes, 10 m thick pia tics and 3 m thick co ering oil,
in ascending order. According to the re istivity curve,
re i ti ity gradually increa e downward below about
22 m depth. This zone is correlated to the Kat ri
rmation and the Iioka Formation. The re isti ity
of the strata of the lioka Formation is about 20 Q,-m
and out of cale in Figure 17. Resi ti it of wa te
deposits i 3 to 4 Q,-m constantly. In other words, the
re istivity values do not reflect the heterogeneity of the
wa te material in detail.
4) Conductivity of groundwater and eepage water
in each area
The conductivity of groundwater and eepage
water in the investigated area are shown in Table 1.
The maximum conductivity is 44.2 ms/cm in ground-
water, with eepage water sampled at the exit of an
underdrain through waste depo it of area D.
Groundwater with seepage water in area C i sampled
at an exit of an underdrain. The conductivity, how-
e er, is 3.00 ms/cm. onducti ity of groundwater
amp led from an ob ervation well in area A is 2.06 m /
cm. Conductivity of water in a small pond on landfill
ite B is 1.93 ms/cm. That of groundwater ampled
from ob ervation wells in surplu soil depo its of area
are 2.94 to 18.6 m /crn, and th ir value ary widely .
urthermore, temperatures of sampled water at mea-
ured sites t gether with conductivitie range from
22.0 to 25.0 0 and are little affected by areas.
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4.1 Subsurface geologic features revealed by micro-
tremor observations
(1) Hydraulic fill in bay area
(a) Relation hip between peak frequencie In H/V
ratios and subsurface geology
Distributions of peak frequencies in H/V ratio
have di tinctive feature. Point with frequency
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Peak Frequency obtained
from H/V Ratio
5.0
(Hz)
>.
0
c
CD
::J 2.0cr III
CD OJ
L. >1L. III
~
.... IC (/l 1.0III
C 0
E ....
0 OJ
"0 ::J
CD "0 0.5L.
a.
higher than 2.0 Hz are distributed in the Group A
zone, and points with frequency lower than 1.0 Hz in
the Group C zone. The points with 1.0 to 2.0 Hz are
distributed in the Group A and C zones. Peaks In
spectra of Group A are less distinct than those of
Groups Band C.
In order to clarify the geologic conditions which
cause these peak frequencies, amplification characteris-
tics by shear waves in the IN area were calculated by
Haskell's method, assuming the bottom layer to con-
tinue downward. Relationship between calculated
predominant frequencies and peak frequencies in H/V
ratios is shown in Figure 18. There are few well
logging data by P and S waves in the IN zone.
Therefore, distribution of shear-wave velocities below
each point, which is used in the above calculation, are
calculated by Ohta and Goto's experimental equation
(1976). Regardi ng the densities of strata, the publica-
tions of the Chiba Prefectural Government (1974) are
referred to.
According to Figure 18, peak frequencies in H/V
ratios correspond very well with calculated predomi-
nant frequencies, and the coefficient of correlation is
0.95. The peak frequencies in H/V ratios depend on
the depth of boundary between strata with more than
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Fig. 18 Relationship between peak frequency of
spectral ratio of horizontal component to
vertical component and predominant fre-
quency of S-wave obtained by Haskell
method in IN area.
SO in N value and strata overlying them, and also on
their facies and physical properties. The amplifica-
tion characteristics of shear- waves of peak frequency
are harmonious with those of the primary peak.
(b) Effect of buried valleys on O/S ratios
Most of the O/S ratios reflect the grouping of
subsurface geology. These phenomena are indepen-
dent from the distance between the stationary point
and moving points. Accordingly, it is inferred that
primary characteristics of microtremors at the station-
ary point resemble those at moving points.
In comparatively narrow survey zones of the bay
areas, the characteristics of O/S ratios are as follows.
Where the subsurface geology of observed points
resembles that of the standard point, the value of O/S
ratio is about I, with frequency range from 0.5 to 10
Hz. Buried valleys overlain by thick soft sediments
occur in new coastal zones. In these zones, remark-
able amplifications are recognized, from 0.5 to 2 Hz in
the horizontal and vertical components. In addition,
the horizontal components and the vertical compo-
nents differ remarkably from each other in the peak
frequency. The frequencies are 0.7 to 1.0 Hz in the
horizontal components and 1.5 to 2.0 Hz in the vertical
component, and the latter is about twice that of the
former. Moreover the peak frequencies in the hori-
zontal components are mostly close to the predomi-
nant frequencies calculated by Haskell's method.
This tendency becomes clearer as the dynamic contrast
between Holocene alluvial sediments and filled strata
increases, such as Group C, consisting of soft clay, and
the basement.
According to Horike (1993), rates of surface waves
con tai ned in microtremors increases with the vi brati ng
sources and with the increase of dynamic contrasts
between the sediment and the basement, when the
sediment is soft. In the surveyed area, sources of
microtremors with more than 0.5 Hz are traffic, winds
and waves in the bay (Kamura and Nirei, 1996).
Therefore, it is inferred that the horizontal and vertical
components differ distinctly in the basic characteristics
of microtremors, which are predominant in soft sedi-
ments above buried valleys.
(c) Relationship between geo-environment and
microtremor characteristics in bay areas
Soft sediments in this paper were formed by
changes in sea level and sedimentary environments in
the Holocene Epoch. Therefore, the facies and
dynamic properties of each horizon have something in
common. Subsurface geologic conditions in this area
were classified into three groups, by sedimentary envi-
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cuts are about 0.5 mkine' sec at MA 1 and MA 2.
Thus, those on thick fills are comparatively large.
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ronment and geologic properties. Oosato et aI.,
(1995) tried to determine each horizon of the Yuraku-
cho Formation and clarified their geologic properties.
Ishiwata and Ando (1992) investigated the sediments
above the buried valleys and wave cut terraces in the
U rayasu area to the north west of the IN area. They
suggested that the facies of Holocene alluvial sedi-
ments is affected by the sea-level changes. Subsur-
aface geologic conditions in Urayasu resemble those in
the buried valleys in the IN area.
This study shows that microtremor characteristics
reflect the subsurface geologic conditions. In other
words, they reflect the formation processes of subsur-
face geology.
Thus, the formation of subsurface geology in bay
areas is affected by the changes of sedimentary environ-
ment accompanying sea-level changes. Subsurface
geologic conditions of bay areas in Japan and in the
world have something in common, because sea-level
changes occur on a worldwide scale. The mi-
crotremor and ground motion characteristics should,
therefore, be compared worldwide. Moreover, the
earthquake motions and disasters, and the subsurface
geologic conditions should be predicted effectively by
using the results. Such studies will be required from
now on.
(2) Fills in valley plains
(a) Relationship between Fourier amplitudes and
thickness of fills in the TOG area
[n the TOG area, there is little difference in
predom inant freq uencies between fi lls and cuts. The
frequencies are 2.4 to 2.6 Hz in simultaneous observa-
tions at 5 points along the MA line. Their Fourier
amplitudes are related to the thickness of fills. Thus,
the frequency range where amplitudes are affected by
thickness of fills was studied along the MA line.
Data of each point along the MA line were passed
through the band pass filter. Its band width is 0.1 Hz
and its central frequency is calculated by the equation,
fc=0.5+n (n=O, I, 2, "', 9). Then, maximums of
Fourier amplitudes in every frequency range were
calculated. The distribution of Fourier amplitudes in
each point are shown in Figure 19 for each considering
component and each frequency range of the band pass
filter.
In the horizontal components, Fourier amplitudes
calculated through the band pass filter with 2.5 Hz in
central frequency varied widely at every point. Specif-
ically, Fourier amplitudes of longitudinal component
in points on fills are about 1.5 mkine • sec at MA4 and
about I mkine' sec at MA 3 and MA 5. Those on
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Variations of Fourier amplitudes in transverse compo-
nents are similar to those in longitudinal components.
They are 0.9 to I mkine· sec at MA 4 and MA 5 on
fills, and 0.4 to 0.5 mkine • sec at MA 3 on fills near
the cut zone, and at MA I and MA 2 on the cut. In
the vertical component, Fourier amplitudes calculated
through the band pass filter with 2.5 Hz in central
frequency become larger, in proportion to the thick-
ness of fills. However, this variation is less distinct
than that of horizontal components. Moreover, such
a variation is recognized in the vertical component of
Fourier amplitude calculated through the band pass
filter with 3.5 Hz in central frequency. This variation
is not recognized in the horizontal components. It is
inferred that these phenomena depend on the
anisotropy of shear-wave velocity and the type of
surface waves. These are problems for future studies.
In every component, Fourier amplitudes calcu-
lated through the band pass filter with 2.5 Hz in central
freq uency are correlated wi th the th ick ness of fi lis.
The amplitude variations of peaks whose frequency
ranges from 2.4 to 2.6 Hz in each Fourier spectrum
corresponds to the variations of thickness of fills.
This is a reflection of the above fact.
(b) Relation between microtremor characteristics and
subsurface structure in filled sites
There are wide differences between the CHN and
the TOG sites in microtremor characteristics. In the
CHN site, the Fourier spectra and peaks in H/V ratios
differ clearly between filled and cut zones. The
dynamic contrast between fills, including Holocene
alluvial sediments and the basement of both CHN and
TOG sites, are extremely different. As mentioned
above, a peak frequency of H/V ratio in the CHN site
is correlated linearly to a primary peak frequency
calculated by the amplification characteristics of the
shear-wave (Fig.13). On the basis of works by Wa-
kamatsu and Yasui (1995) and by Kamura and Nirei
(1996), it is inferred that the dynamic contrast between
filled strata and the underlying Chonan Formation is
remarkable. Peaks of H/V ratio in the TOG site are
less distinct than those in the CHN site. Regarding
the reason, it is inferred that the dynamic contrast
between filled strata and the underlying strata is poor.
Kagami et aI., (1982) clarified from observed
results that the variation of amplitude depends on the
subsurface structure, even though the predominant
frequency of long- period microtremors is poor. For
this reason, it was pointed out that the velocity contrast
between sediments and basements is small.
There are some reports that microtremors were
observed in the area where faults underlay the sedi-
ments and the sediment thickness and the relief of
basement changed radically on both sides of the fault.
In these instances the predominant frequencies varied
little and the amplitudes varied remarkably. There
are examples where irregular subsurface structures,
such as faults, are clarified by line array observation
points of microtremors. Irikura and Kawanaka
(1980) calculated the spectral ratios at frequency range
of les than 4 Hz in every observed point to the refer-
ence point, and clarified that their ratios were different
on both sides of the Ohbaku Fault in Uji. Takeuchi
et al.,(1983) observed microtremors in line arrayed
points across the Fukui Fault. It was concluded that
the variation of predominant frequencies was poor, but
the spectral amplitudes varied radically. The targets
of these studies were wide areas and deep subsurface
zones. In man-made lands also, the boundaries of
natural strata and artificial strata are formed irregular-
ly. The border zone between valleys and tablelands
gives the false impression of fault contacts. If the
filled strata and natural strata are compared to the
sediments and the basement respectively, although on a
small scale, their geologic conditions resemble the
above fault structures.
Irikura (1989) calculated the variation of ml-
crotremor amplitudes at points where the thickness of
ed iments ch anges radically, by models usi ng su rface
waves and shear wave. It was shown that the predom-
inant frequencies did not always vary distinctly.
From the above results, it is also considered that
the irregularity of subsurface geologic conditions affect
the small variation of predominant frequencies of
microtremors in different conditions, such as fills and
cuts.
Maiguma et aI., (1994) observed microtremors in
many areas where some ubsurface data are available.
They pointed out that the differences in spectra
between horizontal components and vertical compo-
nents depend on the types of waves. Bard and Bou-
chon (1980a, b) investigated the movements ofSH, SV
and P waves on fills in the valley plains by numerical
analyses and clarified their characteristics. In the
TOG and CHN areas, microtremor characteristics of
the horizontal components are different from those of
the vertical component. It will become important to
show, theoretically, that the variations of micro tremor
amplitudes are a reliable quantity, after the characteris-
tics of microtremors predominating over filled areas
are clarified.
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4.2 Properties of waste deposits characterized from
resistivity
(I) Resistivity of waste deposits
Resistivity of strata is affected by; porosity, water
content, cementation, water quality, temperature, and
altered degree of strata (Yamaguchi, 1963). In uncon-
solidated sediments, the resistivity depends on quantity
and quality of pore water. Their general relations are
as follows.
CD Resistivity depends on grain size constituting the
strata. Resistivity, of small-grained strata is low
and those consisting of large grains is high.
@ Resistivity decreases with increasing porosity and
vice versa.
@ Resistivity is related to water content and it is
extremely high under dry conditions.
@ Resistivity is extremely low when large quantities of
dissolved ions are contained in pore water.
On the basis of these relations, characteristics of
resistivity in waste deposits were clarified. Grain size
in waste deposits is heterogeneneous. Hanashima et
al. (1991) measured the maximum and minimum void
ratios of some waste samples, namely, wastes of ashes
with various contents of incombustible materials, and
wastes of soil, sand and gravel. Then the average void
ratio was calculated. The ratios were converted to
porosities as ; 0.64 and 0.51 in ash samples with 15 %
and 2 % incombustible materials respectively, and 0.61
in samples of soil, sand and gravel. These samples
were prepared for experiments in tanks and only the
objective materials with few exceptions were contained
in them. On the other hand, porosity of actual waste
deposits is believed to be less than the above values,
because the deposits are composed of covering soil and
various materials, and also because of the pressure of
the overlying burden. Porosities of strata are OA5 to
0.50 in Holocene mud and clay layers, 0.35 to OAO in
Pleistocene sand layers, and 0.50 to 0.70 in loam layers
(Research Group for Water Balance, 1973). These
values are mostly equal to or less than porosities of
waste deposi ts.
Low resistivity zones in waste deposits, which are
analyzed by Wenner method, are considered. It is
inferred from the above @ and @ that low resistivity
zones are formed by high water contents, large quan-
tities of dissolved ions and by their interactions. High
water contents are estimated because of the prospecting
in rainy seasons of summer and autumn. Nakajima et
aI., (1991) clarified, by experiments, that chlorine
which remained from burned refuse is dissolved easily
as ions into water. Jt has been reported that the
chlorine and calcium ions exceed 50 % of total ions
dissolved in water from ashes and crushed refuse (Lee
et aI., 1993). In this study, water in pools on rubber
sheets at the N site of area A was sampled and mea-
sured for the concentrations of chlorine ions. This
site is mainly deposited with ashes. The concentra-
tion is very high, at 7000 to 10000 ppm Cl- at some
places. The above waste deposits with low resistivity
zones consist of ashes and crushed refuse. Therefore it
is inferred that various ions have dissolved in pore
water.
(2) Relation between resistivity of strata and conduc-
tivity of groundwater and seepage water
S und berg (1932) reported, firstly, that the resis-
tivity of strata is correlated to the porosity of strata and
the resistivity of pore water. Irie et al. (1996), with the
above in mind, clarified the spread of groundwater
contaminated by sea water below the plain areas from
the relation between resistivity of strata by electrical
prospecting and resistivity of pore water.
In this study, resistivity of strata in the TOG area
filled with sand and silt is 31 to 69 .o-m. On the other
hand, resistivities of the waste and surplus soil deposits
are comparatively low. Resistivity of these zones is a
few .o-m in some zones. Figure 20 was prepared in
order to quantify relations among the resistivities of
strata, dissolved ion concentrations of pore water,
water contents and porosities of strata. This figure
shows the relation between conductivities of ground-
water and seepage water in each area and resisitivities
of the waste, surplus soil and filled strata. In Figure
20, conductivities of groundwater from observation
wells are com pared with resisti vities of waste strata
below points of electrical prospecting near wells in
area E. In other areas, conductivities of seepage water
and groundwater from drains and observation wells
are compared with resistivity ranges of waste and filled
strata. The following equation CD is derived from
Archie's formula (1942), which connects with the resis-
tivities of strata and pore water quantitatively. The
relation between them both are derived from equation
CD and plots with porosity n at 0.3 , 0.5 and 0.7 are
added in Figure 20. Strata are assumed to have been
saturated with water because there was large rainfall
during the prospecting. Cementation factor (m) is
assumed to be 1.5. This value is generally used for
unconsolidated sandstone with high porosity (The
Society of Exploration Geophysicists of Japan, 1979).
PH= I/Gw X I/n m •• .... • .. ••••• .. ••••• ........ •• .... ·CD
PH : resistivitiy of strata
Gw : conductivity of pore water
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n : porosity of strata
m : cementation factor of strata
The relation between resistivity of strata and con-
ductivities of groundwater and seepage water in the
southern zone of areas A, C, and E are clarified from
Figure 20. Namely, the relation mostly corresponds
to that derived from equation CD at 0.3 to 0.7 in
porosity. Moreover, the ranges of 0.3 to 0.7 are mostly
reasonable, considering the porosities of the waste and
surplus soil deposits.
Points of area E with 18.6 ms/cm in conductivities
of groundwater and seepage water, and of area D with
44.2 ms/cm, are plotted in the zone where resistivities
are mostly independent from variations in porosities of
strata.
Resistivities of the waste and filled strata are
closely related to conductivities of groundwater and
seepage water, and are affected by porosities of strata.
(3) Interpretation of waste deposits from resistivity
sections
Boundaries between waste deposits and the base-
ment are mostly distinguishable by the Wenner
method. However, it is difficult to clarify differences
of accumulated materials in waste deposits. It is infer-
red that these phenomena are closely connected with
the heterogeneity of waste materials and the resolution
of the Wenner method.
In area D, waste deposits consist of the alternation
of plastics and ashes, which differ from each other in
facies and physical properties such as porosity. How-
ever, the resistivity curve by an electrical log is little
affected by waste materials at 2 to 40-m. The thick-
ness of each layer is mostly more than 2 m. Therefore,
a 25 cm electrode spacing has adequate resolution for
analyzing each layer. The above results are interpret-
ed as follows. Equation CD means that resistivity of
strata is less affected by porosity of strata with increas-
ing conductivity of pore water. When the conductiv-
ity of pore water is 15 ms/cm, resistivity of strata
slightly decreases from 4 to I O-m with porosity
increase from 0.3 to 0.7. In area D, the conductivity of
seepage water is 44.2 ms/cm. Therefore it is inferred
that cond ucti vi ty of pore water in waste deposits is also
high and variation in the resistivity curve is stationary
because of the high conductivity.
In the northern and southern halves of site 0, the
disposed materials differ. Under such conditions, the
resistivities of each waste zone( northern and southern)
are also different. Groundwater levels are mostly the
same in both zones. From these results, it is inferred
that these di fferences of resisti vi ties between both zones
are caused by the porosity of strata and the quality of
groundwater which were affected by waste materials.
Moreover, as a result of examining resistivity
profiles of the above two zones, the following facts
were clarified. In old valley line zones of A-A' sec-
tion, the depth and the shape of the bottom of waste
deposits obtained by resistivity profile resemble those
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interpreted from old topographical maps. In old
valley line zones of B-B' section, the depth of the
bottom of waste deposits by the resistivity profile is 3
to 4 m lower than that from the old map. This
corresponds to the depth of the bottom of Holocene
all uvi al sed imen ts because the com paratively high
resistivity of waste deposits resembles those of
Holocene alluvial sediments and contrasts between
both are small.
Thus, at boundaries of resistivities around the
bottoms of waste deposits overlying Holocene alluvial
sediments, when the resistivity of waste deposits is low
at a few [1-m, the boundary reflects the bottom of
waste deposit, but when it is relatively high it reflects
the bottom of Holocene alluvial sediments.
(4) Relation between changes of resistivity and geo-
environmental changes in waste deposits
Resistivities of waste deposits are 15 to 20 [1-m in
area C and 2 to 4 [1-m in area D. In addition,
conductivities of groundwater and seepage water are
3.00ms/cm in area C and 44.2 ms/cm in area D. Both
areas differ markedly from each other in the resis-
tivities and the conductivities. The groundwater and
seepage water of the both areas are sampled from
drains installed in waste deposits. Disposed materials
in both areas are similar and consist of waste from
construction, sludge, plastics and ashes. Waste dis-
posal of area C was finished in 1986. Area D is still
under disposal operation.
Kaneto (1997) clarified various kinds of variations
in waste deposits. They are as follows; generation of
gases increases for about 5 years from the beginning of
disposal and then decreases; ratios of biological oxy-
gen demand (BOD) to chemical oxygen demand
(COD) are large at the beginning of disposal, and
decrease from 5 years later to 1/5 to 1/10 of the early
stage; total contents of nitrogen are large at the begin-
ning of disposal, and decrease to about a half 5 years
later and become stable at about 100 ppm in the end.
Thus, at the beginning of disposal, waste deposits are
chemically in an active state and waste materials are
ionized notably. After about 5 years from the begin-
ning, materials become chemically·stable. Differences
of electric properties between area C and area D corre-
spond to these phenomena. Therefore, it is inferred
that the resistivities and the conductivities are affected
by the time elapsed since filling.
In other words, it is inferred that chemical condi-
tions in waste deposits begin to become stable after
several years. Under these conditions, conductivity of
groundwater in waste deposits is decreasing and resis-
tivity of waste strata is increasing. From these results,
resistivity properties in waste deposits possibly can be
used as standards for examining chemical conditions
and for closure of landfill sites.
s. Conclusions
The following are the main results of this study.
(I) Relationship between characteristics of m1-
crotremors and subsurface geology
(a) Reclaimed lands in bay area
• Subsurface geology at the bottom of Holocene
alluvial sediments in the reclaimed land is classi-
fied into three groups by the sedimentary facies.
M icrotremor characteristics reflect these su bsu r-
face geologic groups. For example, peak fre-
quencies indicated in H/V ratios are affected by
the depth of boundary between Holocene alluvial
sediments and Pleistocene sediments, and the
facies and physical properties of Holocene alluvial
sediments.
• Basic characteristics of microtremors which are
predominant in soft sediments on buried valleys
are different from those in other sediments.
Geologic disasters such as land subsidence and
liquefaction during earthquake are caused easily
in these areas.
• Motion characteristics at the same point vary
widely before and after large-scale soil improve-
ments. Attention should be paid to these varia-
tions from now on.
• Microtremors observed in bay areas notably
reflect the subsurface geology. Therefore these
are effective indexes for regional plans and disas-
ter preven tion.
(b) Fi lied land in valley plai ns
• Ratios of the average amplification on filled
zones to those on cut zones are related to the
thickness of fills, including Holocene alluvial
sediments. On thick fills, ratios of the longitudi-
nal component are generally somewhat larger than
those of the transverse component. In other
words, amplifications of amplitudes in the L
component are larger than those in the T compo-
nent. These phenomena are related closely to
landslides and slope failures.
• When the strength and shear wave velocity differ
significantly between fills, including Holocene
alluvial sediments, and the basements, the varia-
tion in thickness of the fills are reflected notably
in microtremor characteristics. In addition, the
Kazuo KAMURA 161
peak frequency in H/V ratios mostly agree with
the prImary peak frequency calculated by
Haskell's method. ln such areas, attention
should be paid to the amplification of earthquake
motions.
(2) Characteristics of waste deposits revealed by their
resistivities
• Resistivity of waste deposits consisting mainly of
ashes is a few O-m. Those of surplus soil
deposits depend on included materials. That of
filled strata with sand and silt is tens of O-m.
• Conductivities of groundwater and seepage water
in waste deposits are ten to hundred fold of those
in filled strata with sand and silt. These agree
well with the resistivity of waste strata. From
these results, it is inferred that ionized materials
dissolve from wastes to pore water.
• Temporal changes of resistivity characteristics of
waste deposits could be used as one of the decid-
ing factors for closing landfill sites.
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